The effects of dietary intervention, sex, and apolipoprotein E phenotype on tracking of serum lipid values in young children have remained poorly characterized. We investigated these associations in 1062 infants who were randomized into control and intervention groups (nϭ522 and nϭ540, respectively) at age 7 months; the intervention group received counseling aimed at maintaining a low-saturated fat, low-cholesterol diet. In 519 children in the control (nϭ254) and intervention (nϭ265) groups, serum lipid values were studied annually between 13 months and 5 years of age. In all children, tracking was strongest for the ratio of high density lipoprotein (HDL) cholesterol to total cholesterol; when a 13-month-old child belonged to the lowest quartile of the distribution, the odds ratio for belonging to the same quartile at older ages was 39.0 (95% CI 23.1 to 66.0). Dietary intervention did not influence the tracking of serum lipids. Tracking of HDL cholesterol was stronger in the boys than in the girls (Pϭ0.018). Tracking of non-HDL cholesterol and apolipoprotein B in the children with phenotypes E2/3 or E3/3 was stronger than that in the other children (Pϭ0.031 and Pϭ0.014, respectively). In conclusion, the apolipoprotein E phenotype strongly influences tracking of non-HDL cholesterol and apolipoprotein B values in early childhood, whereas dietary intervention had no effect on tracking of any of the lipids. A child's sex influenced tracking only of HDL cholesterol, with boys showing stronger tracking. (Arterioscler Thromb Vasc Biol. 2002;22:492-498.) 
A lthough tracking of serum cholesterol concentrations in childhood is well documented, 1-9 the effects of exogenous factors like dietary modification on the tracking of serum lipid and lipoprotein concentrations have remained poorly characterized. Tracking of serum cholesterol concentrations is stronger in infants during exclusive breast feeding and weaker in infants receiving formula and solid foods, 2 indicating that dietary factors may influence the tracking phenomenon.
ApoE plays a key role in lipoprotein metabolism and in atherogenesis. 10, 11 Three common codominant alleles at a single gene locus, ⑀2, ⑀3, and ⑀4, determine the 6 apoE phenotypes, E2/2, E2/3, E2/4, E3/3, E3/4, and E4/4. In the same order, the mean concentrations of serum cholesterol increase with the apoE phenotype. 12, 13 During childhood, the apoE polymorphisms influence not only serum lipid and lipoprotein patterns [13] [14] [15] but also the tracking of serum lipids and lipoproteins. 9, 16 The apoE alleles are apparently also able to modulate the linkage between obesity and other lifestyle factors and serum lipoprotein concentrations. 9 The main target of the Special Turku Coronary Risk Factor Intervention Project (STRIP) is reduction of the exposure of the intervention group to known environmental atherosclerosis risk factors. 17, 18 We have recently shown that serum cholesterol concentration increased only slightly with age in the children in the intervention group, who were counseled to consume a low-saturated fat, low-cholesterol diet since infancy, whereas the values increased more in the control children during the first 5 years of life. 18, 19 We have also demonstrated that the apoE phenotype already has an effect on serum cholesterol concentrations in infancy 14 but that the dietary intervention influences the values in the 13-month-old children independently of their apoE phenotypes. 14 We have now examined how strongly repeated dietary counseling, sex, and the apoE phenotype influence the tracking of serum lipids and lipoproteins during the first 5 years of life in this prospective study project.
Methods

Study Design
As described previously in detail, 17, 18 1062 seven-month-old infants were randomized into a control group (nϭ522) or an intervention group (nϭ540). The intervention group received individualized dietary counseling (see below). The families in the intervention and control groups met a pediatrician and a dietitian at 1-to 3-month and 4-to 6-month intervals, respectively. After the child reached 2 years of age, the visits in both groups occurred at 6-month intervals. The parents and the personnel of the day care centers recorded the child's food consumption in a 3-day food record when the child was aged 8, 13, and 18 months; thereafter, a 4-day food record, always including at least 1 weekend day, was provided twice a year. The records were analyzed as described. 17, 18 Blood samples for serum lipid measurements were drawn yearly. The study was approved by the Joint Commission on Ethics of the Turku University and the Turku University Central Hospital. Informed consent was obtained from all parents.
Counseling
The details of the dietary counseling have been described. 17, 18 Briefly, the aims of the counseling of the intervention group were as follows: a fat intake of 30% to 35% of daily energy, a saturated/ monounsaturated/polyunsaturated fatty acid ratio of 1:1:1, and a cholesterol intake Ͻ200 mg/d. The families were advised to continue breast feeding or to use formula until the age of 12 months and to use skim milk (0.5 to 0.6 L/d) thereafter. The parents were taught to add 2 to 3 teaspoonfuls of soft margarine or vegetable oil, mainly low-erucic acid rapeseed oil, to the food of the 12-to 24-month-old children. The control families received the routine health education given to all Finnish families at the well-baby clinics. The mothers were advised to continue breast feeding or to use formula until the child had reached the age of 12 months, but cow's milk containing at least 1.9% fat (1.5% fat after May 1995) was recommended thereafter. In both groups, at least partial breast feeding continued for 5Ϯ4 months (meanϮSD). All children were fully weaned by 13 months of age.
Serum Lipids
Before the child had reached 5 years of age, nonfasting blood samples were drawn for measurement of serum cholesterol, HDL cholesterol, and apoA-I and apoB. 18 Therefore, non-HDL cholesterol (total cholesterolϪHDL cholesterol) values were used instead of LDL cholesterol values. ApoE phenotypes were determined by using isoelectric focusing. 13 All analyses were performed in the laboratory of the Research and Development Center of the Social Insurance Institution in Turku, Finland, which regularly cross-checked lipid determinations with the World Health Organization reference laboratories in Prague, Czech Republic, and in Helsinki, Finland (Labquality).
Statistical Analysis
At 5 years of age, 764 children continued in the study. Because breast feeding leads to high serum cholesterol concentrations, 20,21 the starting age of the tracking analysis was 13 months, when all children had been weaned. Thus, the children whose blood samples were successfully obtained at all of the ages (13 months and 2, 3, 4, and 5 years) were included in the analysis. Thus, serum cholesterol, HDL cholesterol, and apoE analyses included complete data on 519 children, which were evenly distributed between the intervention (nϭ265, 143 boys) and control (nϭ254, 131 boys) groups. Because of insufficient sample size, apoA-I and apoB analyses contained data on 508 children.
The children were divided into 8 groups according to intervention and apoE phenotypes: apoE4-negative (E2/3 or E3/3, nϭ345) boys and girls of the intervention and control groups and apoE4-positive (E3/4 or E4/4, nϭ174) boys and girls of the intervention and control groups. Because of the small number of children with phenotypes E2/2 (nϭ1) and E2/4 (nϭ12), they were excluded from the analyses. The distributions of the phenotypes and the sexes were similar in the intervention and control groups (Pϭ0.10 and Pϭ0.53, respectively). A greater proportion of the boys than of the girls were apoE4 negative (196 [72%] and 149 [61%], respectively; Pϭ0.010).
Separately, at every measurement age, a "risk group" of children was defined as those having serum cholesterol, non-HDL cholesterol, or apoB concentrations in the highest quartile of the distribution of the values. Correspondingly, for HDL cholesterol, apoA-I, and the ratios of HDL to total cholesterol and of apoA-I to apoB, the lowest quartile was defined as the risk group. Because of the age-related changes in the concentrations of serum lipids, the risk quartiles were defined separately for boys and for girls at every age point of measurement.
The differences between the intervention and control groups at different ages were calculated by using ANOVA for repeated measurements. 22 The strength of tracking was studied by using the 3 following methods: In all of these methods, differences between children at 13 months of age are taken into account by modeling (in first approach) or by including the observation at 13 months of age into the calculations (in the second and third approach).
First, the odds ratio (OR) was calculated for belonging to a risk group at any of the ages (2, 3, 4, and 5 years) if the child was or was not in the risk group at the age of 13 months. This calculation was performed by fitting a logistic regression model, in which belonging to the risk group at age 13 months was a predictor variable for belonging into the same risk group at the older ages also. 23 Predicting whether a child will belong to a certain risk group at later ages when he or she belongs to a certain risk group at the age of 13 months means that we work with correlated binary observations because the follow-up data are from the same subjects. We must take this into account in the estimation of parameters in the logistic models; otherwise, the standard errors will be too small (which would further lead to a too-small probability value and too-narrow CIs). The generalized estimation method has been developed to solve the problem. The dependence of the classifications at the 4 follow-up ages was taken into account by applying the generalized estimation method for logistic regression analysis of binary repeated measurements. 24 Thus, the OR describes the tracking corresponding to the odds of staying at the risk group, if the child initially belonged to the risk group, compared with the situation when the child initially did not belong to the risk group. The differences between the groups in tracking were analyzed by testing interactions in the logistic models.
Second, a separate quantification of tracking for the 3 groups (the lowest, highest, and the 2 intermediate quartiles) was made by calculating the proportion of agreement 25 for each group. The proportion of agreement was estimated by determining the proportion of subjects who belong to the group at every age point from all who belong to that same group at least at 1 other age point. The proportion describes the stability of the phenomenon.
Third, intraclass correlation coefficient (ICC) for the variables was calculated on continuous measurements that were standardized according to the mean and standard deviation specific for the age. The ICC summarizes how large a fraction the between-children variation is of the total variation of measurements made in all children at all time points (ie, the variation between subjects plus the variation within subjects). The value of the coefficient varies between 0 and 1. If the variation of measurements within subjects is small compared with the variation between subjects, the coefficient is near 1.0. The estimate for variation between subjects and within subjects was computed by using ANOVA. 26 The results are shown as meanϮSD. The differences were considered significant at PϽ0.05. The SAS (release 6.12) program package (SAS Institute) was used.
Results
Serum Lipid and Lipoprotein Levels
The children in the intervention group had lower serum cholesterol concentrations than did the children in the control group (Figure 1 ). The girls had higher serum non-HDL cholesterol concentrations and lower apoA-I to apoB ratios than did the boys (Figure 1 ). ApoE phenotype influenced all serum lipid concentrations studied, except the HDL cholesterol concentration (Figure 2 ). ApoE4-positive children had higher concentrations of serum cholesterol, non-HDL cholesterol, and apoB and a lower concentration of serum apoA-I. The ratios of HDL cholesterol to total cholesterol and of apoA-I to apoB for apoE4-positive children were lower than those for apoE4-negative children.
Tracking of Serum Lipid and Lipoprotein Levels
Tracking of all serum lipids and lipoproteins studied was of the same magnitude in the intervention and control groups. However, as a result of the dietary intervention, the concentrations of serum cholesterol for the children in the intervention group tracked on a lower level than did those for the children in the control group. Sex influenced only the tracking of HDL cholesterol (Pϭ0.018), inasmuch as the tracking in boys was stronger than the tracking in girls. The apoE phenotype had an effect on tracking of non-HDL cholesterol (Pϭ0.031) and apoB (Pϭ0.014). Tracking in the apoE4-negative children was stronger than tracking in the apoE4-positive children, indicating that the apoE4-negative children maintained their relative position in the distributions of non-HDL cholesterol and apoB values better than did the apoE4-positive children throughout the follow-up.
Strength of Tracking
Odds Ratios
ORs were calculated to quantify the associations between the study group, sex, apoE phenotype, and tracking (Table 1) . When a 13-month-old child belonged to a risk group, the OR for belonging to the risk group at older ages was greatest when the ratio of HDL cholesterol to total cholesterol was studied. Tracking of non-HDL cholesterol was also strong. For HDL cholesterol, the boys showed stronger tracking (ORs for the boys and girls, 10 
Proportions of Agreement
To assess the impact of the apoE phenotype on tracking, the proportions of agreement were determined by calculating the proportions of those children who belonged to the specific subgroups (the lowest quartile, the highest quartile, or the 2 intermediate quartiles) of non-HDL cholesterol or apoB distributions at all age points to all children who at least at 1 age point belonged to the same subgroups (Table 2) . Thus, the proportions describe the stability of the values in children with different apoE phenotypes. In the lowest quartiles of non-HDL cholesterol and apoB, tracking was significantly stronger in the apoE4-negative children than in the apoE4positive children, whereas in the highest quartiles, tracking was stronger in the apoE4-positive children than in the apoE4-negative children, or tracking was of the same magnitude in the 2 groups. Similarly, a greater proportion of the apoE4-negative children than of the apoE4-positive children, who belonged to the lowest quartiles at age 13 months, always belonged to the very same quartiles (Figure 3 ). In the highest quartiles, the difference was less apparent. In the intervention group, the proportions of agreement of the apoE4-positive boys were greater than those of the apoE4-negative boys in the lowest quartiles of non-HDL cholesterol and apoB.
Intraclass Correlation Coefficients
ICCs were calculated to compare the within-children variation with the between-children variation in serum lipid values. The stronger the tracking, the greater was the coefficient. For HDL cholesterol, the ICCs of the boys were greater than those of the girls (Table 3) . Similarly, for non-HDL cholesterol and apoB, the ICCs of the apoE4-negative children were in general greater than those of the apoE4-positive children. The only exception, again, were the boys of the intervention group, because the ICCs of the apoE4-positive boys were greater than those of the apoE4-negative boys.
Discussion
This sample of 519 children in the randomized, ongoing, long-term STRIP study shows that the tracking phenomenon of serum lipid and lipoprotein concentrations is already strong between 13 months and 5 years of age. Tracking of serum non-HDL cholesterol and apoB concentrations varies according to the apoE phenotype, and the sex of the child has an effect on tracking of HDL cholesterol concentrations. However, counseling aimed at reducing the intake of saturated fat and cholesterol does not influence the tracking phenomenon.
Our findings are consistent with previous reports concerning the tracking of serum lipids and lipoproteins. Tracking was strongest for the ratio of HDL cholesterol to total cholesterol and for non-HDL cholesterol. Similarly, tracking was strongest for LDL cholesterol in the Bogalusa Heart Study, 1 in which a newborn cohort was followed without any interventions from birth to 7 years of age, and in a recent Finnish study, 16 in which the children were followed from birth to the age of 11 years. In the Cardiovascular Risk in Young Finns Study, 6 in which 883 subjects aged 3 to 18 years at the onset of the study were followed up without interventions for 12 years, tracking was strongest for the ratio of LDL cholesterol to HDL cholesterol.
The dietary intervention as exercised in the STRIP project had no effect on the tracking phenomenon. Tracking of all serum lipids and lipoproteins measured was of the same magnitude in the intervention and control groups. However, because of the successful dietary intervention, the concentrations of serum cholesterol of the intervention group tracked at a lower level than did those of the control group. The few earlier studies investigating the associations between diet and tracking of serum lipid concentrations in children have approached the question only for data collected during infancy. Serum cholesterol concentrations in infants receiving a relatively constant diet, eg, during exclusive breast feeding, track better than do the values in infants weaned to formula and mixed solid foods. 2 However, after weaning, children's relative serum cholesterol values soon stabilize, and the A child belongs to the risk group when the values of serum cholesterol, non-HDL cholesterol, or apoB are in the highest quartile or when the values of serum HDL cholesterol, HDL/total cholesterol, apoA-I, or ApoA-I/apoB are in the lowest quartile. The odds are the odds of belonging to the risk group vs not belonging to the risk group after the age of 13 months. The odds ratio is the ratio of the odds in the risk group vs the non-risk group at the age of 13 months. *PϽ0.0001.
tracking of serum cholesterol concentration becomes of the same magnitude as in older children and adolescents. Little has previously been known of the impact of the sex of the child on tracking of serum lipids and lipoproteins during childhood. In the present study, the HDL cholesterol values showed better tracking in the boys than in the girls. In the Cardiovascular Risk in Young Finns Study, 6 in which samples were collected at 3-year intervals, males showed better 12-year tracking than did females. Although the sex difference in tracking was most marked for cholesterol, the tracking of all lipid variables differed between the sexes. In contrast to that study, females in the Amsterdam Growth and Health Study 27 showed better tracking coefficients for HDL cholesterol than did males over a 15-year follow-up period. However, because the age of the subjects in that study was 13 years at the onset of follow-up, the sex differences in pubertal development are strong confounders, because of the pubertyinduced marked changes in serum lipid values. 6 According to several studies, the apoE phenotype clearly influences serum lipid and lipoprotein patterns as early as childhood. [13] [14] [15] In Finnish newborns, serum cholesterol levels are low and do not differ between apoE phenotypes, but in 3-year-old children, the concentration of serum cholesterol increases with apoE phenotype in the order of E3/2, E3/3, E4/3, and E4/4. 28 Furthermore, the apoE phenotype modulates tracking of serum lipids and lipoproteins. The apoE phenotype strongly influenced the correlation between the LDL cholesterol values measured in children during the first 11 years of life, 16 because the children with phenotypes E2/3 or E2/4 maintained their relative cholesterol levels throughout childhood compared with the children with phenotype E3/3, and even more variation was seen in children with phenotypes E3/4 or E4/4. However, the data were based on only 2 measurements after the age of 1 year, made at the ages of 5 and 11 years. 16 In the Bogalusa Heart Study, the apoE phenotype had an apparent effect on the persistence in ranks of the LDL cholesterol over the 16-year follow-up of the children and adolescents. 9 Especially at the lowest quartile of LDL cholesterol distribution, the persistence in ranks over time was higher in children with E2/3 and E2/2 phenotypes compared with that in the children who had phenotypes E3/3, E3/4, or E4/4. On the contrary, at the highest quartile the apoE2 group showed a somewhat lower, although nonsignificant, persistence in ranks over time than children in the other phenotype groups. Furthermore, apoE phenotype modulates the change in serum cholesterol concentrations during adolescence, because E2/3 girls aged 8 to 14 years at the onset of follow-up showed a different pattern of change in serum cholesterol during the 4 years of follow-up than did E3/3 and E3/4 girls. 29 Our data for 1-to 5-year-old children also show that the tracking of serum non-HDL cholesterol and apoB concentrations of the apoE4-negative children was stronger than that of the apoE4-positive children. Furthermore, tracking of serum non-HDL cholesterol and apoB concentrations of the apoE4negative children was stronger, especially in the lowest quartiles of non-HDL cholesterol and apoB distributions, whereas tracking in the highest quartiles was weaker in the apoE4-negative children than in the apoE4-positive children. This finding may at least partly be explained by the greater intestinal cholesterol absorption by subjects with phenotypes E4/3 and E4/4 than by subjects with other phenotypes 30 ; thus, subjects with the ⑀4 allele are more sensitive to variations in the diet. Furthermore, the cholesterol-lowering effect of the ⑀2 allele is 2 to 3 times stronger than the cholesterol-raising effect of the ⑀4 allele. 10 The greater proportions of agreement and intraclass correlation coefficients of the apoE4-positive boys in the intervention group than those of the apoE4negative boys in the intervention group in the present study (a finding that differs from the general rule) suggest that the interrelationships between diet, apoE phenotype, and tracking of serum non-HDL cholesterol and apoB concentrations may differ in males and females at least in early childhood. In a population-based sample of 9-to 24-year-old free-living subjects, the influence of the apoE phenotype on serum lipid concentrations varied according the consumption of saturated fatty acids and cholesterol, 31 but the effect was similar in both sexes. However, the links between these factors and tracking of serum lipids in early childhood have previously remained unexplored.
TABLE 2. Proportions of Those Children Who Always Belonged to the Highest or Lowest Quartiles of Non-HDL Cholesterol and ApoB From Those Children Who Belonged to the Highest or Lowest Quartiles at Least at 1 Age Point of Measurement
We conclude that the predictability of serum lipid values at the age of 13 months is to some extent determined by the apoE polymorphism during the 4-year follow-up. However, the dietary intervention aimed at decreasing the intake of saturated fat and cholesterol had no effect on the tracking of serum lipid values. Sex influenced only the tracking of HDL cholesterol, inasmuch as the boys showed better tracking than did the girls. The total variation of age-adjusted measurements in a follow-up study comes from 2 origins: variation between subjects (BS) and variation within subjects (WS): ICCϭBS/(BSϩWS). A value of ICC near 1.0 suggests strong tracking.
